The antioxidative activity of the extract from Conyza canadensis in plasma treated with peroxynitrite (ONOO -) (0.1 mM) was studied. C. canadensis is known to possess a broad set of pharmacological effects because of content of various antioxidants, antiplatelet and anticoagulant compounds. The aim of our study was to assess if this extract protects plasma proteins against oxidative/nitrative damages induced by ONOO -. The plasma components are continuously exposed to reactive oxygen/nitrogen species action. Peroxynitrite evokes oxidative stress and induces undesirable effects in biological systems and causes damage to biomolecules. The extract from Conyza (50 -2500 mg/ml) caused a dose-dependent reduction of protein nitration by 90%. The oxidation of plasma proteins was diminished by about 75%. ONOO -oxidized the plasma thiol groups and this process was inhibited by tested extract. The level of reduced protein thiols was increased thrice at the lowest concentration of extract (50 mg/ml). The highest concentration of extract decreased twice the level of protein thiols in reduced forms and increased the homocysteine level about 4.5 times. The obtained results demonstrated that the extract from Conyza possesses antioxidative properties in vitro, protects plasma proteins against toxicity induced by peroxynitrite and has modulating effects on thiol/disulfide redox status.
Introduction
The intravascular formation (from nitric oxide and superoxide anion) of peroxynitrite, a highly reactive and strong oxidative species, is responsible for oxidative/ nitrative modifications of plasma proteins including the formation of 3-nitrotyrosine, the generation of carbonyl groups and free thiol oxidation [1, 2] . These modifications may lead to change of protein function and can have pathological consequence. The level of oxidized/nitrated proteins in plasma, though normally low, increased in patients with different pathologies that are associated with enhanced oxidative stress (including arteriosclerosis, septic shock, chronic renal failure, rheumatoid arthritis, diabetes or lung injuries) and increased production of peroxynitrite, which is a strong oxidant formed from nitric oxide and superoxide anion during inflammatory process [3, 4] .
The role of different medicinal plants in the defense against oxidative/nitrative stress in human plasma is still unknown. In the present study the protective effects of the polysaccharide extract from Conyza canadensis against oxidative/nitrative protein damage (determined by protein carbonyl groups formation and by tyrosine nitration) to human plasma treated with peroxynitrite (ONOO -) were examined in vitro. In addition, we investigated the effects of this extract on the level of total free thiol groups and low molecular weight thiols (glutathione (GSH) and homocysteine (HCSH)) in plasma treated with ONOO -(0.1 mM).
Thiol systems are important in the controlling of many processes by protecting against damage and serving in redox mechanisms to sense danger and repair the damage [5] .
Conyza canadensis is generally known to possess a broad set of pharmacological effects linked to the biological properties of this medicinal plant [6] . Our previous study showed that the extract from C. canadensis distinctly reduced oxidation and nitration of proteins in blood platelets treated with ONOO -(0.1 mM) and inhibited platelet function [7, 8] . The defense mechanisms in plasma against oxidative stress, which depend on an imbalance of prooxidants and antioxidants and the role of exogenous antioxidants (present in medicinal plants), are very important for biological activities of human plasma components but remain unknown [9] . Therefore, the protective effects of the extract from herbal plant C. canadensis against the oxidative/nitrative damage of human plasma proteins and changes in low molecular weight thiols (GSH and HCSH as important components of plasma redox thiol status) induced by ONOO -(0.1 mM) were studied. 
Experimental Procedures

Plant material
Peroxynitrite
Peroxynitrite was synthesized according to the method of Pryor and Squadrito [3] . Freeze fractionation (-70°C) of the peroxynitrite solution formed a yellow top layer, which was retained for further studies. The top layer typical contained 80-100 mM peroxynitrite as determined spectrophotometrically at 302 nm in 0.1 M NaOH (e 302nm =1679 M -1 cm -1 ). Some experiments were also performed with decomposed ONOO -, which was prepared by allowing the ONOO -to decompose at neutral pH (7.4) in 100 mM potassium phosphate buffer (15 min, room temperature). This allowed us to compare the effect of other compounds in the ONOO -solution.
Antibodies
Rabbit anti-DNP antibodies, anti-rabbit antibodies and anti-goat/sheep antibodies coupled with peroxidase were purchased from Sigma (St Louis, MO). Sheep anti-nitrotyrosine polyclonal antibodies were from Oxis (Portland, USA). Biotynylated anti-goat/mouse/rabbit antibody and streptavidin-biotynylated horseradish peroxidase were from DAKO (Glostrup, Denmark). All other reagents were of analytical grade and were provided by commercial suppliers.
Extraction and purification of plant substances
The dried flowering parts of plants (200 g, at 30
o C in an airy, shady room) were minced, mixed with 65% EtOH (2 l) and left to stand at room temperature for two days. The mixture was then refluxed for 12 h. The extract was filtered and evaporated to dryness on a rotary evaporator to obtain a paste-like residue (56.1 g). The extract was dissolved in distilled water and filtered through a paper filter to give a clear liquid described as the crude plant extract. This extract was purified from ballast substances in the extraction process using different organic solvents by the method described by Pawlaczyk et al. [10] to obtain the plant fraction enriched in carbohydrate substances. The resulting precipitate was dialyzed against water for 120 h (cut-off of dialysis tubing membrane 12.5 kDa). The nondialyzed portion was evaporated to dryness to obtain the macromolecular purified fraction (purified active fraction -glycoconjugate). After mild acidic hydrolysis (0.1 M HCl in pH 2.4 at room temp., 15 min) the aglycon part was removed as a precipitate by centrifugation (10 000 rpm, 15 min). The aglycon part was washed with water to remove HCl and dissolved in water by adding 1 M NH 4 OH to obtain a pH of 9.7. Next, the resulting solution of the aglycon was dialyzed against alkaline solution of pH 9.7 for 48 h. The retentate was neutralized by 0.1 M HCl to obtain the precipitate, which was washed with water and evaporated to dryness (aglycon part). The water soluble portion of the plant extract received after mild acid hydrolysis was neutralized to pH 7.0 by 0.1 M NaOH and dialyzed against water for 48 h to remove NaCl. The residue in dialysis tubing membrane -the retentate was evaporated to dryness (polysaccharide part).
Stock solution of extract from Conyza was made in dimethylsulfoxide (DMSO).
Incubation of plasma with extract from
Conyza canadensis and peroxynitrite
Human blood from healthy volunteers was collected into 0.2 M citric acid solution (9:1; v/v) and immediately centrifuged for 10 min at 250 × g at room temperature to get plasma. Peroxynitrite was added to plasma as a bolus to the final concentration 0.1 mM and the samples were immediately mixed vigorously. Some samples of human plasma were pre-incubated (2 min at room temperature) with extract from C. canadensis at final concentrations of 50 -2500 mg/ml and then treated with only one concentration of ONOO -(at a final concentration of 0.1 mM).
Determination of nitrotyrosine in the proteins of plasma by a competition ELISA method
Detection of nitrotyrosine-containing proteins by a competition ELISA (C-ELISA) method in plasma (control, extract from C. canadensis or/and ONOO --treated plasma) was performed according to the procedure of Khan et al. [11] as described previously [12] . The nitro-fibrinogen (at concentration of 0.5 mg/ml and 3-6 mol nitrotyrosine/mol protein) was prepared for use in the standard curve. The linearity of the C-ELISA method was confirmed by the construction of a standard curve ranging from 10 to 500 nM nitrotyrosine-fibrinogen equivalent. The concentrations of nitrated proteins that inhibit anti-nitrotyrosine antibody binding were estimated from the standard curve and are expressed as nitrofibrinogen (nitro-Fg) equivalents. The amount of nitrotyrosine present in fibrinogen after treatment with peroxynitrite (at a final concentration of 0.1 mM) was determined spectrophotometrically (at pH 11.5, e 430nm = 4400 M -1 cm
Detection of carbonyl groups in human plasma proteins by ELISA method
Detection of carbonyl groups by ELISA method (using anti-DNP antibodies) in plasma (control, extract from C. anadensis and ONOO --treated plasma) was carried out according to the procedure of Buss et al. [13] as described previously [12] . Human plasma proteins reacted with dinitrophenylhydrazine (DNPH) and then were non-specifically adsorbed to an ELISA plate. The peroxynitrite treated-fibrinogen (10 nmol of carbonyl groups/mg of fibrinogen) was prepared for use in the standard curve. The linearity of the ELISA method was confirmed by the construction of a standard curve ranging from 0.1 to 10 nmol carbonyl groups/mg of fibrinogen. The amount of carbonyl groups present in fibrinogen after treatment with peroxynitrite (at a final concentration of 0.1 mM) was determined spectrophotometrically as described by Levine et al. [14] .
Determination of thiols
The classical technique HPLC has been used in the analysis of thiols (glutathione and homocysteine) from human plasma treated with extract from C. canadensis and/or ONOO -. HPLC analysis was performed with a Hewlett-Packard 1100 Series system according to Głowacki et al. [15] and Bald et al. [16] .
Free total thiol groups in plasma with 5,5'-dithiobis(2-nitro-benzoic acid) (DTNB) was determined colorimertically [17] .
Data analysis
The statistical analysis was done using several tests. In order to eliminate uncertain data, the Q-Dixon test was performed. All the values in this study were expressed as mean ± SD. The differences between means were assessed by applying the unpaired Student's t-test. The statistical analysis was also performed with ANOVA I test using StatSoft Inc. "Statistica" v. 6.0. We accepted the differences with P<0.05 as statistically significant.
Results
Extract from C. canadensis in the range of 50 -2500 mg/ml caused a dose-dependent reduction of plasma protein nitration induced by ONOO -(0.1 mM) (Figure 1 ). At the highest concentration (2500 mg/ml), nitration of plasma proteins was diminished by about 90% (Figure 1) .
Extract from Conyza (50 -2500 mg/ml) resulted in a distinct decrease in the oxidation of plasma proteins (measured by carbonyl group formation) induced by treatment of plasma with ONOO -(0.1 mM) (Figure 2 ). The data are representative of five independent experiments done in triplicate and are expressed as nmol carbonyl groups per mg of plasma proteins. concentration of extract (mg/ml) nmol CO/mg of plasma proteins (Figure 3) . The levels of GSH and HCSH were diminished about 10%, but this oxidizing effect of ONOO -was not statistically significant ( Figure 4 and 5) . The pre-incubation of plasma with extract from C. canadensis alone (50 -250 mg/ml) resulted in the three fold increase of the total reduced protein thiols and twice for 1500 mg/ml (Figure 3 ), but had no effects on the level of plasma glutathione (Figure 4) . The highest concentration (2500 mg/ml) of extract decreased the level of protein thiols in reduced forms by a factor of two (Figure 3 ).
The high doses of extract from C. canadensis induced an increase in the level of homocysteine in reduced form (1500 mg/ml by 100% and 2500 mg/ml even by 350%) ( Figure 5 ).
In the presence of extract from Conyza the oxidation of plasma thiols by ONOO -was inhibited ( Figure 3, 4  and 5) .
In control experiments we observed that the decomposed ONOO -did not change the level of plasma thiols. It also did not cause the tyrosine nitration in plasma protein nor protein oxidation measured by the level of CO groups (data are not presented). The level of -SH groups in GSH solution after incubation with extract from C. canadensis alone was not changed (data are not presented). In the USA and Russia it was cultivated in small areas and was a source of volatile oil. Until the 1920s it was an approved drug in the USA and in the countries of the British Commonwealth, known as Oleum Erigerontis [18, 19] . It also contains a variety of flavonoids and tannins in addition to essential oils, but their role in the medicinal properties of this plant is unclear [20, 21] . For three centuries it has been used as a pungent tonic, an astringent to control bleeding and as a diuretic. It was approved in medicine as a haemostatic, possibly as an antihelminthic and claimed to be efficient in diarrhea, diabetes, haemorrhages of the bowels, uterus and of wounds [18, 19, 22] . Aqueous extracts of the leaves have been used as an antihypertensive agent [23] . This common weed is a source of volatile oil and is used even today in herbal medicine [18, 23] , however phytochemically and pharmacologically it remains uninvestigated.
Conyza canadensis is generally known to possess a broad set of pharmacological effects many of which are linked to their interaction with several enzymes and their antioxidant properties. Free radical action and lipid peroxidation have been suggested as potentially important causative agents of aging and several types of human diseases [24] . Reactive oxygen species (ROS) have been implicated in damage to erythrocytes in patients with β-thalassemia, sickle cell anemia, glucose-6-phosphate dehydrogenase deficiency and other hemoglobinopathies [25, 26] . Aqueous extracts of Conyza canadensis interact in some way with the biological membranes. However, these substances do not enter deep into the structure of the membrane as they do not induce hemolysis. Moreover, these extracts inhibit the process of oxidation of lipids in erythrocyte membranes, induced by UV light irradiation at concentrations of 50-200 μg/ml. It suggests that the water extracts of C. canadensis can play a role as a scavenger of free radicals that arise in the ghost suspension under the action of UV radiation [27] . The antioxidative activity of these extracts in blood platelets treated with peroxynitrite (ONOO -) was studied. Peroxynitrite as a strong biological oxidant has toxic effects on blood platelets and induces the oxidation of thiols, carbonylation and nitration of platelet proteins and lipid peroxidation. The oxidative damage of platelet proteins induced by peroxynitrite and protector effects of this extract was measured by estimation of the level of carbonyl groups and nitrotyrosine (a marker of platelet protein nitration). The aqueous extracts distinctly reduced oxidation and nitration of proteins in blood platelets treated with ONOO -(0.1 mM) and O 2 -• production in these cells [7] . Moreover, the extracts inhibited platelet aggregation stimulated by collagen. These properties are connected with the presence of polysaccharides rich in uronic acid in the aqueous extract [8] . The ability of the extracts to decrease O 2 -• generation in blood platelets supports the importance of free radicals in platelet functions, including aggregation process. In view of the involvement of oxygen and nitrogen reactive species in the etiogenesis of several diseases, the antioxidant properties of extract from Conyza canadensis were assessed in vitro using peroxynitrite as a strong oxidant. Peroxynitrite is implicated in pathology of many diseases [28] . Conditions in which the reaction products of peroxynitrite have been detected and in which pharmacological inhibition of its formation or its decomposition have been shown to be of benefit include vascular diseases, ischaemiareperfusion injury, circulatory shock, inflammation, pain and neurodegeneration [29] .
Peroxynitrite, the reactive product from the rapid diffusionally controlled reaction of nitric oxide (NO • ) with superoxide anion (O 2 -• ) is capable of inducing oxidative/nitrative changes in a wide variety of biomolecules [30] . In proteins it induces the formation of 3-nitrotyrosine and carbonyl groups, aggregation and thiol oxidation, which affect protein function [1, 4, 5] . Different protein modifications induced by peroxynitrite have been implicated in human diseases. Peroxynitrite formation and/or protein nitration has been implicated in pathogenesis of stroke, arteriosclerosis, septic shock, chronic renal failure, rheumatoid arthritis, diabetes, lung injuries Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis and multiple sclerosis [31] .
In our previous studies we observed that peroxynitrite induces the nitration of tyrosine residues in plasma proteins and formation of carbonyl groups [32] . Our presented results showed that the presence of extract from Conyza canadensis reduces these modifications in plasma proteins, causes a dose-dependent inhibition of nitrotyrosine formation (even by 90%) and reduction of plasma protein oxidation (carbonyl group formation) by about 75%. It indicates that extract possesses antioxidative properties and protects plasma proteins against nitration of tyrosine residues and generation of carbonyl groups.
Free radical scavenging antioxidants are of increased importance when thiol/disulfide redox states are oxidized. Thiol/disulfide redox states function in redox control and antioxidant protection. Plasma GSH level, contrary to cell level, is very low and becomes oxidized in response to peroxynitrite. The redox state of GSH can be measured in human plasma by HPLC method. Plasma protein thiols that are able to maintain the redox status due to their cysteine content can be present as free thiols, disulfides and mixed disulfides when they form conjugates with GSH, Cys and Hcys. Oxidation and reduction of protein thiols is a dynamic reversible process and different mixed disulfide may be formed [33] . Thiols of proteins are rapidly oxidized by peroxynitrite [5] . In our experiments we observed a distinct decrease of total free plasma protein thiols (in reduced form) following peroxynitrite treatment indicating that free thiols form disulfide bounds [34] . The addition of low doses of extract of Conyza canadensis restored a much greater amount of free thiols than lost following peroxynitrite treatment and resulting in a large increase of free thiols (about three fold) (Figure 3 ). This indicates that extract is responsible for reduction of plasma protein disulfides. In contrast, the highest dose of extract decreased free thiols of proteins, indicating that disulfides may be formed. Peroxynitrite, at the concentration we used (0.1 mM), in the presence of extract did not change the level of reduced (free) all thiols and oxidize them to disulfides.
It should be taken into account that the reaction of thiols with peroxynitrate may form nitrosothiols, including nitrosoglutathione. The nitrosothiols have different degrees of stability. Thiol groups in proteins are also nitrosated and are relatively stable [35] . Herein, we have shown that the extract from Conyza canadensis may reduce plasma protein disulfides, but at higher concentration, like peroxynitrite may oxidize protein thiols. The alteration of thiol/disulfide status in plasma seems to correspond to the level of plasma homocysteine. The higher doses of C. canadensis distinctly increased the level of Hcys (hyperhomocysteinemia). Human plasma contains both reduced and oxidized forms of Hcys. The thiol groups of Hcys allow it to form disulfide with other Hcys (homocystine), with free cysteine or with thiol groups of plasma proteins. It is remarkable that the oxidized form is the majority of Hcys and reduced Hcys represents no more than 1% of total plasma Hcys. The sum of all the forms of Hcys existing in plasma is usually called total Hcys. Most of the Hcys present in plasma is protein-bound Hcys, and represents up to 75% of total Hcys [33] . Moderately increased concentrations of total Hcys have been associated with an increased risk of cardiovascular diseases, including atherosclerosis and thrombosis [36] . The observed marked increase of Hcys in plasma after treatment with high doses of extract may derive from proteins. Our results indicate that contrary to low doses, high doses of extract from Conyza canadensis show prooxidant properties and induce oxidation of thiols together with releasing of incorporated Hcys from homocysteinylated proteins and redistribution of thiols. Homocysteine may form a thiolactone [37] . Homocysteine thiolactone is chemically reactive and easily acetylates free aminogroups, especially lysine. Therefore this reactivity of thiolactone can lead to protein homocysteinylation [37, 38] . It has been shown that different serum proteins can be efficiently homocysteinylated mainly at side chain
